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INTRODUCTION
Impact Echo (IE) and Impact Sounding (IS) are well-developed 
non-destructive evaluation (NDE) methods that are widely used 
for inspection of concrete structures to ensure safety and 
sustainability. However, it is a tedious work to collect IE and IS 
data along grid lines covering large target area for 
characterization of subsurface defects. On the other hand, data 
processing is very complicated and requires domain experts to 
interpret the results. To address the above problems, we present 
a robotic inspection system, to automate the data collection 
process and introduce data analytics software to visualize the 
inspection results allowing non-professionals to easily 
understand the results.
Figure 1. System Diagram.
METHODS
The system consist of three modules:
1. Robotic platform with vertical mobility to collect IE and IS data 
in hard-to-reach locations. Data collection is automatic, along 
specified trajectories.
2. Vision-based positioning module that fuses the RGBD 
camera, IMU and wheel encoders to estimate the 6-DOF pose 
of the robot. We focus on filter-based sensor fusion methods. 
6-DOF pose output of this module is used to tag IE or IS data 
point.
3. Data analytics software for processing IE and IS data to 
generate defect maps. First part is analyzing Impact Sounding 
data, that is done in two steps:
1. Feature Engineering.
2. Clustering the data points.
Second part is determining the depth of each cluster using IE.
RESULTS
The way we collect the data is on a grid of points. We use an 
electric impactor to generate the impacts. We used a simple 
cheap microphone, without any mechanical filtering to record the 
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Figure 2. Data collection: a) Ground Truth, b) Data points and 
c) Sliding mechanism, Electric Impactor and Microphone.
In total we collected sound files for 902 different location, spaced 
approximately 2cm between each other, figure 2.
In figure 4.a we compare the FFT of the signals collected of solid 
concrete, delamination and void. After data collection we 
generate features out of raw sound files. Generated features are 
shown on figure 3. While we can clearly see the void, it is harder 
to visually see circle foam (delamination). Before we input our 
feature matrix (902x7) into clustering algorithms we do feature 
normalization. We use pre-defined number of clusters. Different 
number of clusters reveals different information.
Starting with two clusters, we can reveal damaged concrete vs 
solid (good condition), figure 4.b. When we increase the number 
of clusters we can separate different type of defects, figure 4.c. 
and 4.d.
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Figure 3. Raw IS features (902).
Figure 4.a) Comparison of FFT of sound signals (solid, void, 
delamination), b) clustering results of n=2 clusters, c) clustering 
results of n=3 clusters and d) clustering results n=4 clusters.
* Color only represents the cluster.
CONCLUSIONS
Impact sounding can successfully provide the information of 
potential defects in concrete. Results from automated IS can be 
used to determine only few points to collect Impact-Echo data. 
This automated process significantly reduces the amount of time 
to collect data and generate results.
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